AN outstanding event in the diphtheria field in the inter-war period has been the clear demonstration that individuals and communities can be protected by active immunization. Medical research has provided the diphtheria prophylactics by means of which this is achieved. This period has also seen the establishment of the Therapeutic Substances Act, and, for its administration, the Medical Research Council's Department of Biological Standards at Hampstead has provided biological standards and has examined samples of therapeutic substances, including diphtheria prophylactics, controlled under the Act for compliance with statutory requirements.
Park's energy and enthusiasm and his unwavering faith gave active immunization a start from which it has never looked back. In 1921 Gienny, Allen and O'Brien described T.A. and the Schick test and advocated their practical use, and later in the year Copeman presented a Report on Diphtheria to the Ministry of Health; and in December Copeman, O'Brien, Eagleton and Glenny described the use of the Schick test in a school at Mitcham, thie successful immunization of the susceptibles with T.A. and the number and nature of the local reactions produced.
At the time, little was known of the composition of von Behring's T.A., but Park described these materials and their properties fully. Much research was given by these early workers to the discovery of the best toxin-antitoxin mixture for use in man. A very precise adjustment was essential; if too much antitoxin was added the mixtures were ineffective antigens and if too little they might be unduly toxic and even dangerous. Whether the right balance had been struck, whether the permitted toxicity had been exceeded, and whether the mixtures were effective antigens was determined by injecting prescribed quantities into guinea-pigs. In this way laboratory control of the materials was instituted and later incorporated in the regulations made in the United States and Great Britain and afterwards in other countries for the control of these antigens.
These toxin-antitoxin preparations of von Behring and Park started a great movement, but their chief defect was that they contained toxin and, although this was combined with antitoxin and presumably effectively controlled, they were potentially dangerous and accidents followed their use-at Dallas, Concord and Baden in the early days, and later in other countries. Although there had been no accident in this country (and, as a matter of history, there never has been any accident of this kind in England) neverthless, for some years before it became obsolete, every batch of T.A. was tested, for safety and antigenic potency at Hampstead before it was released for use.
Glenny has always maintained that toxoid and not toxin should be the basis of all diphtheria antigens and he first applied this guiding principle to T.A. In 1923 he and Hopkins reported the successful immunization of man with toxoid-antitoxin mixturea preparation which was to gain renown as T.A.M. This is easier to prepare than T.A., since the precise adjustment of toxoid and antitoxin is of less account, and if a little Proceedings of the Royal Society of Medictne 26 toxin remains in the toxoid this is taken care of by the antitoxin added. Moreover, only one-half to one-third of the toxoid need be neutralized with antitoxin, giving the equivalent of an under-neutralized mixture which is of practical advantage; and the preparation is absolutely safe. T.A.M. has been superseded in recent years, but it played a usful part in the early days and it has an honourable record.
That diphtheria toxin can be deprived of its toxicity by formalin is a very old observation ascribed to Salkowski in 1898, rediscovered by accident at least twice and repeatedly confirmed by later workers. Glenny, Lowenstein and Ramon also showed that these formol-toxoids are remarkably efficient antigens. Used first for the immunization of animals, Glenny and his colleagues suggested that this product could be used for the immunization of man and about this time the results of Ramon's work were published. Ramon's great contribution in this field includes two achievements with which his name will always be associated; he gave to science the application of the flocculation reaction whereby quantitative measurements of toxin and antitoxin could be made by in vitro methods, and he persuaded the French authorities to immunize large sections of his countrymen, particularly its children and its soldiers, against diphtheria. For many reasons-ease of preparation, freedom from sensitizing horse protein, its property of flocculating with antitoxin, its safety and its field performance-formol-toxoid has enjoyed a wide popularity and in many countries besides France and Canada it is the antigen of choice. Its drawback, reckoned a serious one in England, is that it is liable to cause unpleasant local reactions especially in adults. It is possible that, in this respect, formol-toxoids prepared in some countries are less likely to produce local reactions than in others. However, it must be conceded that some of the most outstanding achievements in mass immunization have been won by formol-toxoid.
Park had been faithful to toxin-antitoxin, and American workers had naturally followed his distinguished leadership, but in late 1923 or early 1924 he was on the way to conversion to the use of formol-toxoid. His interest was aroused when O'Brien sent him some formol-toxoid prepared in the Wellcome Laboratories with the request that he would test it. This Banzhof did in animals and Sawhill in nurses; and very shortly afterwards Zingher reported some excellent results obtained in man with formol-toxoids prepared in New York. These tests were concluded just about the time that the mishap at Concord occurred (January 1924) and Park was not slow to realize that formol-toxoid had advantages over toxin-antitoxin; and later he admitted that the practical results following its use were in no way inferior.
In 1923 it was shown that the precipitate which forms when toxin and antitoxin are mixed together, and washed free from broth constituents, is a very active antigen; that practically the whole of the activity of a mixture is contained in the precipitate; that the nitrogen content of the washed floccules is very low, and that the antigenic activity of a floccule preparation is directly related to the composition of the mixture from which it separates (Hartley) . This antigen was prepared later in Germany. Being highly purified it causes little or no reaction on injection.
Toxin-antitoxin floccules suffered from one of the main defects of toxin-antitoxin, viz. it contained toxin and this constitutes a source of potential danger, although possibly a remote one. However, in 1927 Glenny and Pope showed that the floccules prepared from mixtures of toxoid and antitoxin possess all the virtues of toxin-antitoxin floccules and are completely safe. Thus T.A.F., toxoid-antitoxin-floccules, became available for the immunization of man in 1927, and it has established itself as one of the two antigens commonly used in this country at the present time. It owes its popularity partly to the fact that it causes so little local reaction and thus is particularly suitable for the immunization of adults; and partly because of its effectiveness, giving high Schick conversion rates as a rule; e.g. in 1942, Freeman reported a Schick conversion rate of over 99% with over 700 children immunized with the T.A.F. in Islington. The efficiency of T.A.F. is due to its insolubility and slow absorption, the effective immunization being due to the long-continued stimulus thus provided.
Experiments were described to show that antitoxin production by T.A.F. in guinea-pigs is much slower than by formol-toxoid and that six weeks after injection it is only onequarter of that at twelve weeks. This may explain why T.A.F. appears to be a less potent antigen than toxoid, and also why its performance in man exceeds its promise as judged by tests on guinea-pigs. It is clearly inadmissible to test floccule preparations in comparison with a formol-toxoid standard: with the latter, maximum production of antitoxin occurs about three weeks after injection and declines rapidly.
In 1926 Glenny and his colleagues showed that when alum is added to formol-toxoid an insoluble precipitate is produced which has high immunizing properties. This was first shown for animals which were injected with the whole mixture of toxoid and alum. For man much purer products have been prepared and the antigen has come to be Section of Epidemiology and State Medicine 475 known all over the world as A.P.T. The preparation and purification of the toxin and toxoid, and the A.P.T. prepared from it, and the different stages of manufacture have been systematically investigated at the Wellcome Laboratories and, in its modern form, A.P.T. is a relatively pure antigen, slowly absorbed from the tissues, not liable to cause local reactions especially when used for the first immunization of young children. It contains no antitoxin and therefore does not sensitize to horse protein. Ito greatest merit is that it is effective in two doses while all other forms require at least three injections. Opinions differ as to whether, and when, the Schick test should be performed in a campaign; but most would agree that, if it is to be omitted, it is with this antigen that this could be done with most justification.
Experiments were described to show the effect of delayed absorption of the antigen. Guinea-pigs injected with highly purified diphtheria toxoid dissolved in saline did not become immuniled; while those injected with the same dose of the same antigen mixed with 1 % starch solution developed antitoxin. The object had been to find a substance which would combine the advantages of alum and be without some of the defects which alum appeared to possess in the early stages of its use for this purpose. The explanation of the results is on the basis of the observations of Glenny, Buttle and Stevens, who showed that toxoid is rapidly eliminated; and in the immunological behaviour of the insoluble antigens like T.A.F. and A.P.T. The interest of the experiments is that starch or some similar bland, innocuous, non-antigenic colloid might perhaps be used to modify, or prolong or intensify biological activity of other antigens, or of other substances like penicillin, for which alum and other similar substances may be inapplicable.
In this country progress in the active immunization of man against diphtheria has received setbacks due to fatal accidents in other lands, following the injection of diphtheria antigens. At Dallas in 1919 , at Concord in 1924 Baden in 1925 children died following the injection of what should have been perfectly safe toxin-antitoxin but which, because three different mistakes had been made, were preparations containing diphtheria toxin in amounts lethal for human beings. These tragic accidents created a profound impression in this country, but they strengthened the resolve that every step should be taken to prevent an occurrence of this kind in the United Kingdom; and they brought support for a scheme then being developed which had for one of its objects the security and protection of the doctor who administered, the patient who received, and the manufacturer who prepared, modern remedies of this type. The war of 1914-18 had shown the need for controlling the manufacture, and testing of arsenicals of the arsphenamine type, measures for which had been successfully improvised during the war. The inaccessibility of the unit for diphtheria antitoxin during the war had been an embarrassment; the discovery of insulin had emphasized the need for action; the extreme variability of the potency of pituitary extract, the infection of vaccine lymph with tetanus in the United States, these recurring accidents with diphtheria antigens, the discovery of new remedies and the whole trend of medical research, all made it clear that the supply of materials of this kind should not be left to the uncontrolled activities of any well-meaning but inexperienced person inclined to try his hand; or, it may well be, to the charlatan and the quack in this or any other country. These are highly specific remedies, many of them potentially dangerous, dependent for their benefit to the patient on precise dosage, nearly all required to be administered by injection, and accordingly required to be sterile, all of them calling for technical skill of a high order and wide experience for their proper manufacture and testing.
The Therapeutic Substances Act of 1925 was the result. By this Act, diphtheria prophylactic can only be prepared by accredited licensees, and licences are only granted to those who can reach and maintain the very high standard demanded as fo expert staff, laboratories, plant and equipment. Moreover, all preparations of diphtheria prophylactic must conform to the standards of purity, potency and quality laid down, and these standards are designed to secure for the doctor and his patient the best that industry and research can provide. Obviously, with these powers the provision of diphtheria prophylactic can be brought under very effective control. The author then went on to discuss in some detail the question of the control of the antigenic potency of diphtheria prophylactics. The requirements of the schedules, their defects and limitations and the consequence of these, the bases for revised regulations and the results achieved by these in practice were described. The consequences which followed the attempt to assess potency by simply observing the animal reaction -following their injection were pointed out, while at the same time the difficulties in the way of carrying out this assay in direct comparison with a standard preparation were set out. It was shown that antitoxin production in the guinea-pig-on the basis of which the potency of prophylactics is at present assessed-is due, among other things, to the diet administered; it was shown that, all other things being constant, guinea-pigs given mangolds do not grow, do not all survive and do not all immunize while those given cabbage, grow, live and immunize verv easily. It was also shown that the same antigen, examined by the same method in different laboratories, in fact, under conditions in which the guinea-pig is the only variable, produces widely different quantities of antitoxin. *As in the case of other biological products these difficulties coulcd onlv be overcome by the adoption of a standard preparation in terms of which the potencv of another sample could be estimated by means of comparative tests. The possibilitv of applying these principles to the assay of diphtheria prophylactic had been explored at Hampstead, and some of the results so far obtained were described. Even with the admittedly uniform stock of guinea-pigs there maintained it was shown that the individual variation in the response of guinea-pigs to antigenic stimulus was quite large and, in consequence, the errors of the assay must be large. These errors had been determined in relation to the number of guinea-pigs used in the comnarative tests.
A standard had been provisionally adopted for the assay of A.P.T. at Hampstead and the results of its application in two field investigations, which had been made possible by the co-operation of Professor G. S. Wilson and his collaborators, were described. The results yielded by the first of these had been of value in deciding the requirements which a batch of A.P.T. must fulfil before it is brought into use: these are, first, that the sample must contain not less than 50 flocculation units per c.c., and, secondly, that under certain prescribed conditions the geometxical mean of the antitoxin produced by 10, guinea-pigs must be not less than 2 units per c.c. This field experiment showed that the samples which produced 2 units per c.c. or more gave a highly satisfactory Schick conversion rate, while those which produced less than this amount gave a lovi rate. In the second experiment, in which manufacturers' samples conforming to the above requirements were studied, the standard and the maker's sample were compared for their field performance in children, and the potency of the maker's sample in terms of the standard preparation was determined at the Hampstead laboratorv. A table was shown summarizing the results of these field and laboratory tests.
(The paper was illustrated by photographs of the pioneers in -this field and bv lantern slides recording the results of the experiments described in the text.)
